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(54) PHOTOCATALYTIC COATING FLUID CONTAINING TITANIUM OXIDE AND ITS MANUFACTURING METHOD AND 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To prepare a photocatalytic coating fluid capable of obtaining a photocatalytic film having hig^ 
transparency and, at the same time, no fine cracks which have been difficult to meet. 

SOLUTION: The photocatalytic coating fluid forms a thin film having titanium oxide as the mayor component on a base material and 
comprises 0.1-10 wt.% titanium oxide (Ti02) having an average particle size of 50-120 nm and a crystallite diameter of 6-18 nm, 
0.1-10 wt.% silica compound (Si02), and >60 wL% alcoholic solvent. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Titanium oxide content photocatalyst coating liquid characterized by including the titanium oxide (Ti02) whose mean 
particle diameter is 50nm - 120nm and 6-18nm of diameters of microcrystal, and including an alcoholic solvent for a silica 
compound (Si02) 60% of the weight or more 0.1 to 10% of the weight 0.1 to 10% of the weight in the photocatalyst coating liquid 
which makes the thin film which uses titanium oxide as a principal component form on a base material. 

[Claim 2] Titanium oxide content photocatalyst coating liquid according to claim 1 whose pH is two or more in said titanium oxide 
content coating liquid, including an organic acid 0.005 to 5% of the weight. 

[Claim 3] Titanium oxide content photocatalyst coating liquid according to claim 1 or 2 whose silica compounds are alkoxysilane or 
its condensate, and hydrolyzate. 

[Claim 4] The manufacture approach of the titanium oxide content photocatalyst coating liquid characterized by mixing the titanium 
oxide and the silica compound whose mean particle diameter is 50nm - 120nm and crystal particle diameter of 6-1 8nm, and an 
alcoholic solvent in the manufacture approach of coating liquid of making the thin film which uses titanium oxide as a principal 
component forming on a base material so that it may become about a silica compound (Si02) and may become 60 % of the weight 
or more about an alcoholic solvent 0.1 to 10% of the weight 0.1 to 10% of the weight in titanium oxide (Ti02). 

[Claim 5] The manufacture approach of the titanium oxide content photocatalyst coating liquid according to claim 4 characterized 
by preparing pH of titanium oxide content photocatalyst coating liquid so that it may be set to 2-12- 

[Claim 6] The photocatalyst structure which applied the titanium oxide content photocatalyst coating liquid of claim 1-3 given in 
any 1 term to the base material through the glue line. 

[Claim 7] The photocatalyst structure according to claim 6 which is the glue line in which said glue line contained acrylic resin and 
silicon. 

[Claim 8] The photocatalyst structure according to claim 7 whose silicone content in said glue line is 5 - 50 % of the weight. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the titanium oxide photocatalyst structure which used the coating liquid concerned for the titanium 
oxide content photocatalyst coating liquid which uses the photocatalyst effectiveness of titanium oxide and is used for harmful 
matter removal of NOX etc., deordorization. antifouling, antibacterial, etc., and its manufacture approach list, even if this invention 
has few cracks of the film at the time of spreading and they use it as a thick film especially, it relates to the titanium oxide content 
photocatalyst coating liquid which gives the film with high transparency, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The titanium oxide photocatalyst is known for effectiveness, such as harmful matter removal of NOX 
etc.. deordorization. antifouling. and antibacterial, being shown by the chemical reaction which absorbs and starts ultraviolet rays. 
By the way, in order to make the photocatalyst effectiveness discover industrially, it is required on a base material to make a 
photocatalyst thin film support. Titanium salts, such as a titanium alkoxide which is a titanium oxide precursor, organic-acid 
titanium, and a titanium chloride, etc. are applied as an approach of giving titanium oxide to base material front faces, such as glass, 
a metal, ceramics, and various plastics, and there are an approach which can be burned, the approach of applying the mixture of 
titanium oxide fine particles, a sol. and a binder, etc. When manufacturing such the photocatalyst structure, it was difficult to use a 
thick film very much for the application which needs transparency in order to nebula-ize the film containing titanium oxide if the 
one where a titanium oxide thin film is thicker thickens thickness although effectiveness is high. Then, if the titanium oxide of a 
particle 50nm or less is used in order to acquire transparency, although it will be easy to form a transparent membrane, if it is going 
to obtain thickness which exceeds 1 micrometer using titanium oxide 50nm or less, the film will become easy to crocodile at the 
time of membrane formation. The fall of adhesion to a membranous base material can be caused, and membranous [ some ] cannot 
make dedropping and the photocatalyst effectiveness a crack not only to have a problem in appearance, but maintain. Although this 
crack could be prevented by adding the ingredient for easing the contraction stress which caused the crack in coating liquid, or 
preparing independently the layer which eases stress between coating liquid and a base material, it was inadequate as the 
fundamental solution approaches — any approach reduces photocatalyst activity or a manufacturing cost increases. 
[0003] 

[Problem(s) to be Solved by the Invention] Although, as for enlarging the particle diameter of the titanium oxide used as a 
photocatalyst, it turned out that effectiveness is in crack prevention, it was a big technical problem at an antinomy to have linked 
increase of particle diameter directly with the fall of transparency, and to reconcile crack prevention of the film with reservation of 
high transparency. This Invention solves these problems by examining the physical properties and the amount of alcohol of titanium 
oxide. 
[0004] 

[Means for Solving the Problem] That is, it is related with the titanium oxide content photocatalyst coating liquid characterized by 
for this invention containing the titanium oxide (Ti02) whose mean particle diameter is 50nm - 120nm and crystal particle diameter 
of 6-18nm, and containing an alcoholic solvent for a silica compound (Si02) 60% of the weight or more 0.1 to 10% of the weight 0.1 
to 10% of the weight in the coating liquid which makes the thin film which uses titanium oxide as a principal component form on a 
base material, and its manufacture approach. Furthermore, this invention relates to the titanium oxide transparence thin film 
support photocatalyst structure which has the high catalytic activity which used the coating liquid concerned, and practical film 
reinforcement again. 
[0005] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail, the titanium oxide used in this invention — a 
particle with a mean particle diameter of 50nm - 120nm — it is a 70nm - 100nm particle more preferably. Mean particle diameter 
can be measured by the scattering-about method using laser. It is difficult for the transparency of a paint film to make thickness 
increase [ mean particle diameter ] by the less than 50nm particle, since it becomes easy to crocodile at the time of membrane 
formation, although mean particle diameter becomes high. On the other hand, when mean particle diameter is larger than 120nm. 
since titanium oxide is white pigments, originally, concealment nature is high and nebula-izes a paint film. Moreover, depending on a 
coating liquid presentation, precipitate may be generated during storage. 

[0006] Although the titanium oxide of this invention uses anatase mold titanium oxide as a principal component, some rutile type 
titanium dioxide may be intermingled. By the way, in the coating liquid of this invention, it is [ 6nm - 18nm of diameters of 
microcr/stal ] required to contain 8nm - 12nm titanium oxide 0.1 to 10% of the weight still more preferably. That is, less than 6nm 
of the diameter of microcrystal may not not only be enough as the photocatalyst effectiveness, but such a microcrystal causes a 
membranous crack. Moreover, if it exceeds ISnm, in connection with it. the mean particle diameter of titanium oxide will also 
become large, if it is made a thick film, it will nebula-ize. and it cannot be adapted for the application which needs transparency. 
[0007] By the way, although the titanium oxide which has such mean particle diameter and a diameter of microcrystal may 
introduce this by what kind of approach in case it manufactures coating liquid, to distribute to homogeneity is required, without 
causing precipitate and condensation in coating liquid. 

[0008] Since it is difficult, as for distributing the titanium oxide of fine particles to homogeneity in coating liquid, it is desirable to 
introduce by the approach of a titanium oxide sol preferably. Although especially the manufacture approach of a titanium oxide sol 
is not limited, the manufacture approach which can control mean particle diameter and the diameter of microcrystal freely is 



desirable. 

[0009] As the manufacture approach of such titanium oxide, amalgam decomposition of the powdered anatase mold titanium oxide 
may be carried out under existence of an acid and alkali, and particle diameter may be controlled by grinding. Moreover, control of 
the diameter of microcrystal and particle diameter may be performed [ sulfuric -acid titanium or a titanium chloride ] for a pyrolysis 
or the water titanium oxide obtained by carrying out neutralization decomposition by the physical and chemical approach. A 
distributed stabilizer may be used in order to give the distributed stability in the inside of a sol solution. 

[0010] Although various kinds of distributed stabilizers can be used especially as a distributed stabilizer, without being limited, an 
acid or alkaline distributed stabilizer is used preferably. As an acid distributed stabilizer, organic acids, such as mineral acids, such 
as a nitric acid and a hydrochloric acid, a carboxylic acid, hydroxy acid, and polycarboxylic acid. etc. are mentioned. The 
alkanolamines which added the hydroxy group to a carboxylic acid, the alkali-metal salt of polycarboxylic acid and ammonia, the 
amines of the 1-4th class, and them as an alkaline distributed stabilizer are mentioned as a good example, these distribution 
stabilizer is independent — or it can be used together and used. An acid and alkaline dispersant can also be used for coincidence. 
When an organic acid is used as a distributed stabilizer, especially since it is hard to corrode the facility which pH does not fall 
extremely in addition to a miscibility with the organic solvent mentioned later being good, and is used at the time of manufacture, it 
is desirable. Especially as a class of organic acid, an acetic acid, oxalic acid, a glycolic acid, a lactic acid, a tartaric acid, a malic 
acid, a citric acid, etc. are desirable. It is desirable that it is in coating liquid at 0.005 - 5 % of the weight, and although the amount 
of an organic acid may make this contain at the time of titanium oxide sol manufacture and may add a part at the time of coating 
liquid preparation, its mode of the whole company is desirable generally. Titanium oxide condenses that it is less than 0.005 % of the 
weight, and it becomes easy to sediment, and if [ than 5 % of the weight ] more, in a paint film, an organic acid will remain and the 
adhesion of a paint film and transparency will be checked. Moreover, even if it uses an organic acid, pH of coating liquid should be 
adjusted to two or more. When pH becomes two or less, there is a possibility of making a metal corroding. 

[0011] Now, the concentration in the coating liquid of said titanium oxide used in this invention is prepared so that it may be 0.1 - 
10 % of the weight as Ti02. In 1-time coating, the thickness of a paint film is thin in the concentration in coating liquid being less 
than 0.1 % of the weight, and two coats is required and is not economical. On the other hand, since the viscosity of coating liquid 
becomes high and handling nature worsens when exceeding 10 % of the weight, it is not desirable. 1 ~ 5 % of the weight is chosen 
more preferably. 

[0012] As a silica compound of this invention, the condensate of alkoxysilane or alkoxysilane. hydrolyzate. a silicone vamtsh, etc. 
can be used. Although the alkoxysilane of three organic functions is generally called a silane coupling agent in many cases, it calls 
alkoxysilane the compound which one or more alkoxy groups have combined with silicon 1 molecule in this invention. When it 
illustrates concretely, as 4 organic-functions alkoxysilane A tetramethoxy silane, As a tetra-ethoxy silane, tetra-propoxysilane, and 
alkoxysilane of three organic functions, methyl trimetoxysilane. Methyl triethoxysilane, phenyl trimethoxysilane, phenyl 
triethoxysilane. Vinyltrimetoxysilane, vinyltriethoxysilane, methacryloxy propyl trimethoxysilane, Glycide propoxy trimethoxysilane, 
GURISHIRO propylmethyl diethoxysilane, Aminopropyl triethoxysilane, N-aminoethyl aminopropyl trimethoxysilane. As mercapto 
propyltrimethoxysilane and alkoxysilane of two organic functions, there are dimethyl dimethoxysilane. dimethyl diethoxysilane, 
diphenyl dimethoxysilane, diphenyl diethoxysilane, etc. As a condensate, the condensate of 4 organic-functions alkoxysilane of 
silicate 40, silicate 48, and silicate 51 grade mentions, and it is 

[0013] Moreover, the thing which made alkoxysilane hydrolyze as hydrolyzate using an organic solvent, water, and a catalyst can be 
used. Among these silica compounds, especially the alcoholic silica sol that are a tetramethoxy silane, a tetra-ethoxy silane, silicate 
40, silicate 48, silicate 51 . and those hydrolysis products can fix the film on a base material firmly, and is suitable especially from a 
comparatively cheap thing. 

[0014] Especially the manufacture approach of the above-mentioned alcoholic silica sol is not limited, may perform the hydrolysis 
reaction of alkoxysilane in coating liquid, and partial hydrolysis may be carried out and it may add hydrolysis or the thing which 
already became an alcoholic silica sol for alkoxysilane in titanium oxide liquid. The paint film which was excellent in adhesion can be 
formed by including a silica compound one to 5% of the weight more preferably 0.1 to 10% of the weight as Si02 in coating liquid in 
this invention. At less than 0.1 % of the weight, the adhesion of a paint film gets worse extremely and a silica compound content is 
not desirable. Moreover, at 10 % of the weight or more, it becomes high, and handling nature not only worsens, but the viscosity of 
coating liquid may gel under the effect of temperature, while coating liquid keeps it. 

[0015] Although these silica compounds are mixed with titanium oxide and it is prepared by coating liquid, even if it satisfies the 
above-mentioned conditions only to both acUustment, the purpose of this invention cannot be attained. In order to make the 
purpose of this invention attain, it is using an alcoholic solvent in addition to the above-mentioned conditions. Cellosolve which is 
polyhydric alcohol and those ester, such as monovalence lower alcohol, such as a methanol, ethanol, propanol, and a butanol, 

ethylene glycol, and propylene glycol, as an alcoholic solvent to be used is mentioned as a good example. The amount of a solvent 
alcoholic [ these ] is 60 % of the weight or more among coating liquid. At less than 60 % of the weight, it has high transparency and 
a thick paint film without a crack cannot be obtained. 

[0016] Although not limited especially about the manufacture approach of the coating liquid of this invention, it can manufacture 
easily by mixing the above-mentioned titanium oxide, a silicon compound, and an alcoholic solvent at a predetermined rate, for 
example. It agitates until mixed sequence is also arbitrary, and is good and all components are mixed by homogeneity. Just before 
creating the photocatalyst structure (i.e., just before adjustment of coating liquid applies this invention coating liquid to various 
base materials), and it may be kept as coating liquid and it may be set. [ atijustment ] When there is the need of adjusting pH on 
account of the facility which creates the photocatalyst structure etc., it can also adjust to pH of a request just before the time of 
coating liquid manufacture, or spreading with an acid or alkali. To pH adjustment of the coating liquid of this invention, an above- 
mentioned organic acid and amines are especially desirable, and it is adjusted to any value in the range of pH 2-12. Since a facility 
may be made to corrode by two or less pH. it is not desirable. Moreover, since titanium oxide and a silica compound precipitate by 
12 or more pH or coating liquid thickens extremely, it is not desirable. When using a titanium oxide sol. pH can also be ac^usted in 
advance at the time of adjustment of a titanium oxide sol. 

[0017] This invention coating liquid can be applied to plastics, such as metals, such as ceramics, such as a tile, and a tile, glass, 
iron, and aluminum, an acrylic. PET. a polycarbonate, and vinyl chloride, various kinds of paint front faces, concrete and a mortar 
front face, cloth, paper, etc.. and can be made into the photocatalyst structure. 

[0018] As for either, the shape of tabular and a film, a molding object, etc. are possible for a base material configuration. As an 
approach of applying coating liquid on a base material and making a titanium oxide thin film forming, various kinds of methods of 
application, such as brush coating, a spray coating cloth, a spin coat, a DIP coat, a roll coat, a gravure coat, and a bar coat, can be 



chosen in consideration of the configuration of a base material. Although desiccation of coating liquid changes with classes of base 
material, it usually heat-treats below 300 degrees C. When using glass and ceramics as a base material, adhesion [ as opposed to 
the base material of a paint film in the direction processed at high temperature ] becomes good. However, above 600 degrees C, 
the fall of the specific surface area by sintering of titanium oxide is remarkable, and the catalyst effectiveness falls. Moreover, as 
for heat treatment temperature, in the case of plastics, such as an acrylic, PET, a polycarbonate, and a vinyl chloride, a base 
material becomes 150 degrees C or less from the thermal resistance of a base material. The catalyst effectiveness becomes high 
so that the thickness of a titanium oxide thin film is thick, but since an increment and the catalyst effectiveness of thickness stop 
being necessarily proportional when set to 5 micrometers or more, generally the thickness beyond this is not economical. Moreover, 
since there is possibility of a crack when thickness is too thick, it is about 0.2-5 micrometers practical. 
[0019] When using a plastics metallurgy group as a base material in paint film formation, in order to raise further further the 
adhesion of a base material and a titanium oxide thin film, a glue line can be prepared between a base material and a titanium oxide 
thin film. What what has high compatibility is desirable to both a base material and a titanium oxide thin film presentation, and 
contains acrylic resin and silicon in it as a glue line at coincidence can form the tough high glue line of adhesion, especially 
discovers the effectiveness excellent in crack prevention of the photocatalyst layer formed with this invention coating liquid, and is 
suitable. A glue line can be made to form easily by applying the coating constituent containing the above-mentioned component by 
the same approach as this invention coating liquid. Although the thickness of a glue line is not limited, sufficient adhesion can be 
given if it is about 0.2 micrometers or more. What contains acrylic resin and silicon in coincidence as a coating constituent which 
forms the glue line in this invention as above-mentioned is desirable, the silicone content in a coating constituent is Si02 
conversion, and it is desirable that it is 5 - 50 % of the weight to the total amount of desiccation solid content. This range 
crocodiles with the highest adhesion force, and the prevention effectiveness is demonstrated. The measuring method of this 
silicone content (Si02) is measured according to the measuring method of the ash content in the heating residue of a publication to 
JIS K 5400-8. 

[0020] The coating constituent of the above-mentioned glue line formation can be easily manufactured by mixing organic silicon 
compounds, such as for example, a silica sol, and silicone resin, alkoxysilane. in an acrylic resin solution. Moreover, the acrylic 
denaturation silicon resin and silicon denaturation acrylic resin which change to acrylic resin or contain silicon in acrylic 
intramolecular by covalent bond with acrylic resin can also be used. Although toluene, a xylene, a ketone, alcohol, etc. are 
mentioned as a solvent of coating constituent manufacture, the emulsion type of a drainage system may be used. The titanium 
oxide content photocatalyst coating liquid of this invention can make the photocatalyst paint film of high performance without the 
crack which has high transparency form, since it is constituted as a full account was given above, when this is applied to various 
base materials. 
[0021] 

[Example] This invention is not limited by those examples, although an example is given to below and the detail of invention 
described so far is concretely explained to it. Moreover, unless it refuses especially, all %s show weight %. 

[0022] (Example 1) After diluting Ti026% of titanium oxide sol A-6 by Taki Chemical Co., Ltd. with ion exchange water until the 
titanium oxide (Ti02) content became 3.5%, 5h hydrothermal processing was carried out at 140 degrees C. After adding citric-acid 1 
hydrate until it was set to pH3.0 in this sol liquid, ultrafiltration membrane was used and condensed [ washed and ] and the 
opalescence sol (A) of pH3.3 which contains 1.5% of citric acids for titanium oxide with 10.2nm [ of diameters of microcrystal ] and 
a mean particle diameter of 82nm 15% was obtained. Addition mixing of the ethanol 616 section and the tetramethoxy silane (2= 
39.5% of SiO(s)) 51 made from KISHIDA Chemistry section was carried out at the this (sol A) 333 section, and this invention 
photocatalyst coating liquid of 5% of titanium oxide contents, 2% of silica compound (Si02) contents, the 62% of the amounts of 
alcoholic solvents, and 0.5% of citric-acid contents was obtained. pH of this coating liquid was 4.2, viscosity was 3.6 mPa-s, and it 
was the colloidal solution of opalescence. Spin coating of this liquid was carried out so that dry weight might become the glass plate 
of 2 with about 6mg (0.5 micrometers in thickness) 40cm, and this invention photocatalyst structure was obtained. This 
photocatalyst film was transparent and the rate of haze of the film measured by COH[ by Nippon Denshoku Industries Co., Ltd. ]- 
300A was 0.7%. 

[0023] (Example 2) The gamma-meta-acryloxyprophyltrimethoxystlane 10 section, the methacrylic-acid 2-hydroxy ethyl 5 section, 
the methyl-methacrylate 17.5 section, the acrylic-acid n-butyl 10 section, the styrene 7.5 section, the xylene 47 section, and the 
t-butylperoxy2-ethylhexanoate 3 section were put into 5L reaction containers, and the polymerization was carried out to them with 
the conventional method. The obtained resin 100 weight section, the MKS methyl silicate MS-56 (Mitsubishi Chemical tetramethyl 
silicate partial hydrolysate condensate, average value of n = 10) 50 weight section, the dibutyltin laurate 1 weight section, the 
xylene 700 weight section, and the isopropyl alcohol 150 weight section were put into 5another L reaction containers, it mixed and 
agitated and the glue line coating constituent was prepared. The silicone content in this coating constituent was 38% (Si02) to the 
total amount of desiccation solid content. Spin coating of this coating constituent for glue lines was carried out so that dry weight 
might become the acrylic board of 2 with lOmg 40cm, spin coating of this invention photocatalyst coating liquid further obtained in 
the example 1 was carried out so that dry weight might be set to about 6mg (0.5 micrometers in thickness), and this invention 
photocatalyst structure was obtained. This photocatalyst film was transparent and the rate of haze of the film measured by COH 
[ by Nippon Denshoku Industries Co., Ltd. ]-300A was 0.7%. 

[0024] (Example 3) Spin coating of the coating coating constituent for glue lines obtained in the example 2 was carried out so that 
dry weight might become the acrylic board of 2 with lOmg 40cm. spin coating of this invention photocatalyst coating liquid further 
obtained in the example 1 was carried out so that dry weight might be set to about 12mg (1.0 micrometers in thickness), and this 
invention photocatalyst structure was obtained. This photocatalyst film was transparent and the rate of haze was 1.0%. 
[0025] (Example 4) The ammonia of the mole ratio 0.5 to titanium oxide (Ti02) was added to the titanium oxide sol A-6 by Taki 
Chemical Co., Ltd. as an aqueous ammonia solution, ion exchange water was added further, and the titanium oxide (Ti02) content 
was acljusted to 3.5%. 5h hydrothermal processing of this liquid was carried out at 145 degrees C. After, carrying out 3h 
hydrothermal processing at 120 more degrees C in addition until the malic acid was set to pH2.6 in this liquid, ultrafiltration 
membrane was used and condensed [ washed and ]. adding a malic acid, and the opalescence sol of pH3.0 which contains a malic 
acid for titanium oxide with 14.8nm [ of diameters of microcrystal ] and a mean particle diameter of 93nm 0.7% 10% was obtained. 
The ethyl silicate 40 (2= 40% of SiO(s)) 16 made from Tama Chemical industry section, the methanol 50 section, the ethanol 650 
section, ion exchange water 33, and the oxalic acid 2 hydrate 1 section were mixed in this sol 250 section, and this invention 
photocatalyst coating liquid of 2.5% of titanium oxide contents, 0.64 % of the weight of silica compound (Si02) contents, the 70% of 
the amounts of alcoholic solvents, and 0.2% of organic-acid contents was obtained. pH of this coating liquid was 3.8. viscosity was 
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3-1 mPa-s, and it was the white colloidal solution. Spin coating of this liquid was carried out so that dry weight might become the 
glass plate of 2 with about 6mg (0.5 micrometers in thickness) 40cm, and this invention photocatalyst structure was obtained. The 
rate of haze which this photocatalyst film is a transparent membrane accompanied by the interference color, and was measured by 
COH[ by Nippon Denshoku Industries Co.. Ltd. ]-300A was 1.1%. 

[0026] (Example 5) Spin coating of the coating constituent for glue lines obtained in the example 2 was carried out so that dry 
weight might become the acrylic board of 2 with 10mg 40cm, spin coating of the photocatalyst coating liquid further obtained in the 
example 1 was carried out so that dry weight might be set to about 6mg (0.5 micrometers in thickness), and this invention 
photocatalyst structure was obtained. This photocatalyst film was transparent and the rate of haze was 1.1%. These two acrylic 
boards were put into the separable flask of 1.9L the acetaldehyde was introduced so that it might become the concentration of 
100 ppm, and when the black light was Irradiated for 90 minutes so that it might become the ultraviolet-rays reinforcement of 1 
mW/cm2 on a film front face, the acetaldehyde concentration in a container was falling to 26 ppm. 

[0027] (Example 6) Spin coating of the coating constituent for glue lines obtained in the example 2 was carried out so that dry 
weight might become the acrylic board of 2 with lOmg 40cm, spin coating of the photocatalyst coating liquid further obtained in the 

example 1 was carried out so that dry weight might be set to about 12mg (1.0 micrometers in thickness), and this invention 
photocatalyst structure was obtained. This photocatalyst film was transparent and the rate of haze was 1.5%. These two acrylic 
boards were put into the separable flask of 1.9L **, the acetaldehyde was introduced so that it might become the concentration of 
100 ppm, and when the black light was irradiated for 90 minutes so that it might become the ultraviolet-rays reinforcement of 1 
mW/cm2 on a film front face, the acetaldehyde concentration in a container was falling to 8 ppm. 

[0028] (Example 7) After adding 2-aminoethano! to the titanium oxide sol (A) manufactured in the example 1 and adjusting to pHII, 
it washed by ultrafiltration membrane again and the opalescence sol (B) of 15% of titanium oxide (Ti02) concentration and pH9.3 
was obtained. The diameter of microcrystal of the titanium oxide of this sol (B) was 10.2nm, and mean particle diameter was 75nm. 
It replaced with the sol (A) and this invention photocatalyst coating liquid of opalescence was prepared by the same approach as an 
example 1 using the sol (B). Spin coating of this liquid was carried out so that dry weight might become the glass plate of 2 with 
about 6mg (0.5 micrometers In thickness) 40cm, and this invention photocatalyst structure was obtained. The rate of haze which 
this photocatalyst film is a transparent membrane accompanied by the interference color, and was measured by COH[ by Nippon 
Denshoku Industries Co., Ltd. ]-300A was 0.8%. 

[0029] (Example 1 of a comparison) After diluting T1026% of titanium oxide sol M-6 by Taki Chemical Co., Ltd. with ion exchange 
water and adjusting it to pM2.5 by the citric acid until the titanium oxide (Ti02) content became 4.0%. 3h hydrothermal processing 
was carried out at 140 degrees C. After washing the obtained sol liquid using ultrafiltration membrane, heating concentration was 
carried out and the light yellow sol (C) of pH3.3 which contains titanium oxide with 5.0nm [ of diameters of microcrystal ] and a 
mean particle diameter of 8nm 2.5% of organic acids 15% was obtained. The ethanol 616 section and the tetramethoxy silane (2= 
39.5% of SiO(s)) 51 made fi'om KISHIDA Chemistry section were mixed in the this (sol C) 333 section, and photocatalyst coating 
liquid of 5% of titanium oxide (Ti02) contents, 2% of silica compound (Si02) contents, the 62% of the amounts of alcoholic solvents, 
and 0.8% of organic-acid contents was obtained. pH of this coating liquid was 4.5, viscosity was 5.0 mPa-s, and it was the colloidal 
solution of light yellow. Although spin coating of this liquid tended to be carried out so that dry weight might become the glass plate 
of 2 with about 6mg (0.5 micrometers in thickness) 40cm, and it was going to create the photocatalyst structure, membranes were 
not able to be cracked and formed at the time of desiccation. 

[0030] (Example 2 of a comparison) After mixing the Taki Chemical Co., Ltd. titanium oxide powder (A-100) (2= 86% of TiO(s)) 100 
section, the malic-acid 16 made from Kanto Chemistry section, and the ion-exchange-water 228 section, the bead mill ground and 
the white sol (D) of pH2.3 which contains titanium oxide with 6nm [ of diameters of microcrystal ] and a mean particle diameter of 
400nm 25% was obtained. The ethanol 616 section, the tetramethoxy silane (2= 39.5% of SiO(s)) 51 made from KISHIDA Chemistry 
section, and the lon-exchange-water 133 section were mixed in the this (sol D) 200 section, and photocatalyst coating liquid of 5% 
of titanium oxide (Ti02) contents, 2% of silica compound (Si02) contents, and the 62% of the amounts of alcoholic solvents was 
obtained. pH of this coating liquid was 3.9, viscosity was 3.3 mPa-s. and it was the white colloidal solution. Spin coating of this liquid 
was carried out so that dry weight might become the glass plate of 2 with about 6mg (0.5 micrometers in thickness) 40cm. and the 
photocatalyst structure was obtained. This photocatalyst film was film which became muddy a little, and the rate of haze measured 
by COH[ by Nippon Denshoku Industries Co., Ltd. ]-300A was 2.8%. 

[0031] (Example 3 of a comparison) After diluting Ti026% of titanium oxide sol A-6 by Taki Chemical Co., Ltd. with ion exchange 
water until the titanium oxide content became 4.0%, 5h hydrothermal processing was carried out at 130 degrees C. After adding a 
citric acid until it was set to pH3.0 in this sol liquid, ultrafiltration membrane was used and condensed [ washed and ] and the 
opalescence sol of pH3.3 which contains titanium oxide with 9.2nm [ of diameters of microcrystal ] and a mean particle diameter of 
52nm 15% was obtained. The ethanol 300 section, the tetramethoxy silane (2= 39.5% of SiO(s)) 51 made from KISHIDA Chemistry 
section, and the ion-exchange-water 316 section were mixed in this sol 333 section, and photocatalyst coating liquid of 5% of 
titanium oxide (TiQ2) contents, 2% of silica compound (Si02) contents, the 30% of the amounts of alcoholic solvents, and 0.5% of 
organic-acid contents was obtained. pH of this coating liquid was 4.0, viscosity was 3.0 mPa-s. and it was the colloidal solution of 
opalescence. Spin coating of this liquid was carried out so that dry weight might become the glass plate of 2 with about 6mg (0.5 
micrometers in thickness) 40cm, and the photocatalyst structure was obtained. The crack occurred In the membranous periphery 
and the film exfoliated. 
[0032] 

[Effect of the Invention] Even if this invention enlarges the particle diameter of the titanium oxide used as a photocatalyst, they are 
the titanium oxide content photocatalyst coating liquid with which effectiveness is in crack prevention and high transparency was 
secured, and its manufacture approach. 
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TECHNICAL HELD 



[Field of the Invention] About the titanium oxide photocatalyst structure which used the coating liquid concerned for the titanium 
oxide content photocatalyst coating liquid which uses the photocatalyst effectiveness of titanium oxide and is used for harmful 
matter removal of NOX etc., deordorization, antifouling. antibacterial, etc., and its manufacture approach list, even if this invention 
has few cracks of the film at the time of spreading and they use it as a thick film especially, it relates to the titanium oxide content 
photocatalyst coating liquid which gives the film with high transparency, and its manufacture approach. 
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[Description of the Prior Art] The titanium oxide photocatalyst is known for effectiveness, such as harmful matter removal of NOX 
etc., deordorization, antifouling. and antibacterial, being shown by the chemical reaction which absorbs and starts ultraviolet rays. 
By the way, in order to make the photocatalyst effectiveness discover industrially, it is required on a base materia! to make a 
photocatalyst thin film support. Titanium salts, such as a titanium alkoxide which is a titanium oxide precursor, organic-acid 
titanium, and a titanium chloride, etc. are applied as an approach of giving titanium oxide to base material front faces, such as glass, 
a metal, ceramics, and various plastics, and there are an approach which can be burned, the approach of applying the mixture of 
titanium oxide fine particles, a sol, and a binder, etc. When manufacturing such the photocatalyst structure, it was difficult to use a 
thick film very much for the application which needs transparency in order to nebula-ize the film containing titanium oxide if the 
one where a titanium oxide thin film is thicker thickens thickness although effectiveness is high. Then, if the titanium oxide of a 
particle 50nm or less is used in order to acquire transparency, although it will be easy to form a transparent membrane, if it is going 
to obtain thickness which exceeds 1 micrometer using titanium oxide 50nm or less, the film will become easy to crocodile at the 
time of membrane formation. The fall of adhesion to a membranous base material can be caused, and membranous [ some ] cannot 
make dedropping and the photocatalyst effectiveness a crack not only to have a problem in appearance, but maintain. Although this 
crack could be prevented by adding the ingredient for easing the contraction stress which caused the crack in coating liquid, or 
preparing independently the layer which eases stress between coating liquid and a base material, it was inadequate as the 
fundamental solution approaches — any approach reduces photocatalyst activity or a manufacturing cost increases. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Even if this invention enlarges the particle diameter of the titanium oxide used as a photocatalyst, they are 
the titanium oxide content photocatalyst coating liquid with which efFectiveness is in crack prevention and high transparency was 
secured, and its manufacture approach. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Although, as for enlarging the particle diameter of the titanium oxide used as a 
photocatalyst, it turned out that effectiveness is in crack prevention, it was a big technical problem at an antinomy to have linked 
increase of particle diameter directly with the fall of transparency, and to reconcile crack prevention of the film with reservation of 
high transparency. This invention solves these problems by examining the physical properties and the amount of alcohol of titanium 
oxide. 
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MEANS 



[Means for Solving the Problem] That is, it is related with the titanium oxide content photocatalyst coating liquid characterized by 
for this invention containing the titanium oxide (Ti02) whose mean particle diameter is 50nm - 120nm and crystal particle diameter 
of 6-18nm, and containing an alcoholic solvent for a silica compound (Si02) 60% of the weight or more 0.1 to 10% of the weight 0.1 
to 10% of the weight in the coating liquid which makes the thin film which uses titanium oxide as a principal component form on a 
base material, and its manufacture approach. Furthermore, this invention relates to the titanium oxide transparence thin film 
support photocatalyst structure which has the high catalytic activity which used the coating liquid concerned, and practical film 
reinforcement again. 
[0005] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail, the titanium oxide used in this invention — a 
particle with a mean particle diameter of 50nm - 120nm — it is a 70nm - 100nm particle more preferably. Mean particle diameter 
can be measured by the scattering-about method using laser. It is difficult for the transparency of a paint film to make thickness 
increase [ mean particle diameter ] by the less than 50nm particle, since it becomes easy to crocodile at the time of membrane 
formation, although mean particle diameter becomes high. On the other hand, when mean particle diameter is larger than 120nm. 
since titanium oxide is white pigments, originally, concealment nature is high and nebula-izes a paint film. Moreover, depending on a 
coating liquid presentation, precipitate may be generated during storage. 

[0006] Although the titanium oxide of this invention uses anatase mold titanium oxide as a principal component, some rutile type 
titanium dioxide may be intermingled. By the way. in the coating liquid of this invention, it is [ 6nm - 18nm of diameters of 
microcrystal ] required to contain 8nm - 12nm titanium oxide 0.1 to 10% of the weight still more preferably. That is, less than 6nm 
of the diameter of microcrystal may not not only be enough as the photocatalyst effectiveness, but such a microcrystal causes a 
membranous crack. Moreover, if it exceeds 18nm, in connection with it, the mean particle diameter of titanium oxide will also 
become large, if it is made a thick film, it will nebulaHze, and it cannot be adapted for the application which needs transparency. 
[0007] By the way. although the titanium oxide which has such mean particle diameter and a diameter of microcrystal may 
introduce this by what kind of approach in case it manufactures coating liquid, to distribute to homogeneity is required, without 
causing precipitate and condensation in coating liquid. 

[0008] Since it is difficult, as for distributing the titanium oxide of fine particles to homogeneity in coating liquid, it is desirable to 
introduce by the approach of a titanium oxide sol preferably. Although especially the manufacture approach of a titanium oxide sol 
is not limited, the manufacture approach which can control mean particle diameter and the diameter of microcrystal freely is 
desirable. 

[0009] As the manufacture approach of such titanium oxide, amalgam decomposition of the powdered anatase mold titanium oxide 
may be carried out under existence of an acid and alkali, and particle diameter may be controlled by grinding. Moreover, control of 
the diameter of microcrystal and particle diameter may be performed [ sulfuric-acid titanium or a titanium chloride ] for a pyrolysis 
or the water titanium oxide obtained by carrying out neutralization decomposition by the physical and chemical approach. A 
distributed stabilizer may be used in order to give the distributed stability in the inside of a sol solution. 

[0010] Although various kinds of distributed stabilizers can be used especially as a distributed stabilizer, without being limited, an 
acid or alkaline distributed stabilizer is used preferably. As an acid distributed stabilizer, organic acids, such as mineral acids, such 
as a nitric acid and a hydrochloric acid, a carboxylic acid, hydroxy acid, and polycarboxyiic acid. etc. are mentioned. The 
alkanolamines which added the hydroxy group to a carboxylic acid, the alkali-metal salt of polycarboxyiic acid and ammonia, the 
amines of the 1-4th class, and them as an alkaline distributed stabilizer are mentioned as a good example, these distribution 
stabilizer is independent — or it can be used together and used. An acid and alkaline dispersant can also be used for coincidence. 
When an organic acid is used as a distributed stabilizer, especially since it is hard to corrode the facility which pH does not fall 
extremely in addition to a miscibility with the organic solvent mentioned later being good, and is used at the time of manufacture, it 
is desirable. Especially as a class of organic acid, an acetic acid, oxalic acid, a glycolic acid, a lactic acid, a tartaric acid, a malic 
acid, a citric acid. etc. are desirable. It is desirable that it is in coating liquid at 0.005 - 5 % of the weight, and although the amount 
of an organic acid may make this contain at the time of titanium oxide sol manufacture and may add a part at the time of coating 
liquid preparation, its mode of the whole company is desirable generally. Titanium oxide condenses that it is less than 0.005 % of the 
weight, and it becomes easy to sediment, and if [ than 5 % of the weight ] more, in a paint film, an organic acid will remain and the 
adhesion of a paint film and transparency will be checked. Moreover, even if it uses an organic acid, pH of coating liquid should be 
adjusted to two or more. When pH becomes two or less, there is a possibility of making a metal corroding. 

[0011] Now. the concentration in the coating liquid of said titanium oxide used in this invention is prepared so that it may be 0.1 - 
10 % of the weight as Ti02. In 1-time coating, the thickness of a paint film is thin in the concentration in coating liquid being less 
than 0.1 % of the weight, and two coats is required and is not economical. On the other hand, since the viscosity of coating liquid 
becomes high and handling nature worsens when exceeding 10 % of the weight, it is not desirable. 1 - 5 % of the weight is chosen 
more preferably. 

[0012] As a silica compound of this invention, the condensate of alkoxysilane or alkoxysilane, hydrolyzate. a silicone varnish, etc. 
can be used. Although the alkoxysilane of three organic functions is generally called a silane coupling agent in many cases, it calls 
alkoxysilane the compound which one or more alkoxy groups have combined with silicon 1 molecule in this invention. When it 
illustrates concretely, as 4 organic-functions alkoxysilane A tetramethoxy silane. As a tetra-ethoxy silane, tetra-propoxysilane. and 
alkoxysilane of three organic functions, methyl trimetoxysilane. Methyl triethoxysilane, phenyl trimethoxysilane. phenyl 
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triethoxysilane, Vinyltrimetoxysilane. vinyltriethoxysilane. methacryloxy propyl trim ethoxy si lane, Glycide propoxy trimethoxysilane. 
GURISHIRO propylmethyl di ethoxy si lane. Aminopropyl triethoxysilane, N-aminoethyl aminopropyl trimethoxysilane. As mercapto 
propyltrimethoxysilane and alkoxysilane of two organic functions, there are dimethyl dimethoxysilane, dimethyl diethoxysilane, 
diphenyl dimethoxysilane. diphenyl diethoxysilane. etc. As a condensate, the condensate of 4 organic-functions alkoxysilane of 
silicate 40. silicate 48. and silicate 51 grade mentions, and it is 

[0013] Moreover, the thing which made alkoxysilane hydrotyze as hydrolyzate using an organic solvent, water, and a catalyst can be 
used. Among these silica compounds, especially the alcoholic silica sol that are a tetramethoxy silane. a tetra-ethoxy silane. silicate 
40. silicate 48, silicate 51, and those hydrolysis products can fix the film on a base material firmly, and is suitable especially from a 
comparatively cheap thing. 

[0014] Especially the manufacture approach of the above-mentioned alcoholic silica sol is not limited, may perform the hydrolysis 
reaction of alkoxysilane in coating liquid, and partial hydrolysis may be carried out and it may add hydrolysis or the thing which 
already became an alcoholic silica sol for alkoxysilane in titanium oxide liquid. The paint film which was excellent in adhesion can be 
formed by including a silica compound one to 5% of the weight more preferably 0.1 to 10% of the weight as Si02 in coating liquid in 
this invention. At less than 0.1 % of the weight, the adhesion of a paint film gets worse extremely and a silica compound content is 
not desirable. Moreover, at 10 % of the weight or more, it becomes high, and handling nature not only worsens, but the viscosity of 
coating liquid may gel under the effect of temperature, while coating liquid keeps it. 

[0015] Although these silica compounds are mixed with titanium oxide and it is prepared by coating liquid, even if it satisfies the 
above-mentioned conditions only to both adjustment, the purpose of this invention cannot be attained. In order to make the 
purpose of this invention attain, it is using an alcoholic solvent in addition to the above-mentioned conditions. Cellosolve which is 
polyhydric alcohol and those ester, such as monovalence lower alcohol, such as a methanol, ethanol, propanol, and a butanol. 
ethylene glycol, and propylene glycol, as an alcoholic solvent to be used is mentioned as a good example. The amount of a solvent 
alcoholic [ these ] is 60 % of the weight or more among coating liquid. At less than 60 % of the weight, it has high transparency and 
a thick paint film without a crack cannot be obtained. 

[0016] Although not limited especially about the manufacture approach of the coating liquid of this invention, it can manufacture 
easily by mixing the above-mentioned titanium oxide, a silicon compound, and an alcoholic solvent at a predetermined rate, for 
example. It agitates until mixed sequence is also arbitrary, and is good and all components are mixed by homogeneity. Just before 
creating the photocatalyst structure (i.e.. Just before ac^justment of coating liquid applies this invention coating liquid to various 
base materials), and it may be kept as coating liquid and it may be set. [ adjustment ] When there is the need of acljusting pH on 
account of the facility which creates the photocatalyst structure etc.. it can also acjjust to pH of a request just before the time of 
coating liquid manufacture, or spreading with an acid or alkali. To pH acUustment of the coating liquid of this invention, an above- 
mentioned organic acid and amines are especially desirable, and it is adjusted to any value in the range of pH 2-12. Since a facility 
may be made to corrode by two or less pH. it is not desirable. Moreover, since titanium oxide and a silica compound precipitate by 
12 or more pH or coating liquid thickens extremely, it is not desirable. When using a titanium oxide sol, pH can also be adjusted in 
advance at the time of adjustment of a titanium oxide sol. 

[0017] This invention coating liquid can be applied to plastics, such as metals, such as ceramics, such as a tile, and a tile, glass, 
iron, and aluminum, an acrylic. PET, a polycarbonate, and vinyl chloride, various kinds of paint fi'ont faces, concrete and a mortar 
front face, cloth, paper, etc., and can be made into the photocatalyst structure. 

[0018] As for either, the shape of tabular and a film, a molding object, etc. are possible for a base material configuration. As an 
approach of applying coating liquid on a base material and making a titanium oxide thin film forming, various kinds of methods of 
application, such as brush coating, a spray coating cloth, a spin coat, a DIP coat, a roll coat, a gravure coat, and a bar coat, can be 
chosen in consideration of the configuration of a base material. Although desiccation of coating liquid changes with classes of base 
material, it usually heat-treats below 300 degrees C. When using glass and ceramics as a base material, adhesion [ as opposed to 
the base material of a paint film in the direction processed at high temperature ] becomes good. However, above 600 degrees C. 
the fall of the specific surface area by sintering of titanium oxide is remarkable, and the catalyst effectiveness falls. Moreover, as 
for heat treatment temperature, in the case of plastics, such as an acrylic, PET, a polycarbonate, and a vinyl chloride, a base 
material becomes 150 degrees C or less from the thermal resistance of a base material. The catalyst effectiveness becomes high 
so that the thickness of a titanium oxide thin film is thick, but since an increment and the catalyst effectiveness of thickness stop 
being necessarily proportional when set to 5 micrometers or more, generally the thickness beyond this is not economical. Moreover, 
since there is possibility of a crack when thickness is too thick, it is about 0.2-5 micrometers practical. 
[0019] When using a plastics metallurgy group as a base material in paint film formation, in order to raise further further the 
adhesion of a base material and a titanium oxide thin film, a glue line can be prepared between a base material and a titanium oxide 
thin film. What what has high compatibility is desirable to both a base material and a titanium oxide thin film presentation, and 
contains acrylic resin and silicon in it as a glue line at coincidence can form the tough high glue line of adhesion, especially 
discovers the effectiveness excellent in crack prevention of the photocatalyst layer formed with this invention coating liquid, and is 
suitable. A glue line can be made to form easily by applying the coating constituent containing the above-mentioned component by 
the same approach as this invention coating liquid. Although the thickness of a glue line is not limited, sufficient adhesion can be 
given if it is about 0.2 micrometers or more. What contains acrylic resin and silicon in coincidence as a coating constituent which 
forms the glue line in this invention as above-mentioned is desirable, the silicone content in a coating constituent is Si02 
conversion, and it is desirable that it is 5 - 50 % of the weight to the total amount of desiccation solid content. This range 
crocodiles with the highest adhesion force, and the prevention effectiveness is demonstrated. The measuring method of this 
silicone content (Si02) is measured according to the measuring method of the ash content in the heating residue of a publication to 
JIS K 5400-8. 

[0020] The coating constituent of the above-mentioned glue line formation can be easily manufactured by mixing organic silicon 
compounds, such as for example, a silica sol, and silicone resin, alkoxysilane, in an acrylic resin solution. Moreover, the acrylic 
denaturation silicon resin and silicon denaturation acrylic resin which change to acrylic resin or contain silicon in acrylic 
intramolecular by covalent bond with acrylic resin can also be used. Although toluene, a xylene, a ketone, alcohol, etc. are 
mentioned as a solvent of coating constituent manufacture, the emulsion type of a drainage system may be used. The titanium 
oxide content photocatalyst coating liquid of this invention can make the photocatalyst paint film of high performance without the 
crack which has high transparency form, since it is constituted as a full account was given above, when this is applied to various 
base materials. 
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EXAMPLE 



[Example] This invention is not limited by those examples, although an example is given to below and the detail of invention 
described so far is concretely explained to it. Moreover, unless it refuses especially, all %s show weight %. 

[0022] (Example 1) After diluting Ti026% of titanium oxide sol A-6 by Taki Chemical Co., Ltd. with ion exchange water until the 
titanium oxide (Ti02) content became 3.5%, 5h hydrothermal processing was carried out at 140 degrees C. After adding citric-acid 1 
hydrate until it was set to pH3.0 in this sol liquid, ultrafiltration membrane was used and condensed [ washed and ] and the 
opalescence sol (A) of pH3.3 which contains 1.5% of citric acids for titanium oxide with 10.2nm [ of diameters of microcrystal ] and 
a mean particle diameter of 82nm 15% was obtained. Addition mixing of the ethanol 616 section and the tetramethoxy silane (2= 
39.5% of SiO{s)) 51 made from KISHIDA Chemistry section was carried out at the this (sol A) 333 section, and this invention 
photocatalyst coating liquid of 5% of titanium oxide contents. 2% of silica compound (Si02) contents, the 62% of the amounts of 
alcoholic solvents, and 0.5% of citric-acid contents was obtained. pH of this coating liquid was 4.2, viscosity was 3.6 mPa-s, and it 
was the colloidal solution of opalescence. Spin coating of this liquid was carried out so that dry weight might become the glass plate 
of 2 with about 6mg (0.5 micrometers In thickness) 40cm, and this invention photocatalyst structure was obtained. This 
photocatalyst film was transparent and the rate of haze of the film measured by COH[ by Nippon Denshoku Industries Co., Ltd. ]- 
300A was 0.7%. 

[0023] (Example 2) The gamma-meta-acryloxyprophyltrimethoxysilane 10 section, the methacrylic-acid 2-hydroxyethyl 5 section, 
the methyt-methacrylate 17.5 section, the acrylic-acid n-butyl 10 section, the styrene 7.5 section, the xylene 47 section, and the 
t-'butylperoxy2'-ethylhexanoate 3 section were put into 5L reaction containers, and the polymerization was carried out to them with 
the conventional method. The obtained resin 100 weight section, the MKS methyl silicate MS-56 (Mitsubishi Chemical tetramethyl 
silicate partial hydrolysate condensate, average value of n = 10) 50 weight section, the dibutyltin laurate 1 weight section, the 
xylene 700 weight section, and the isopropyl alcohol 150 weight section were put into 5another L reaction containers, it mixed and 
agitated and the glue line coating constituent was prepared. The silicone content in this coating constituent was 38% (Si02) to the 
total amount of desiccation solid content. Spin coating of this coating constituent for glue lines was carried out so that dry weight 
might become the acrylic board of 2 with lOmg 40cm, spin coating of this invention photocatalyst coating liquid further obtained in 
the example 1 was carried out so that dry weight might be set to about 6mg (0.5 micrometers in thickness), and this invention 
photocatalyst structure was obtained. This photocatalyst film was transparent and the rate of haze of the film measured by COH 
[ by Nippon Denshoku Industries Co., Ltd. ]-300A was 0.7%. 

[0024] (Example 3) Spin coating of the coating coating constituent for glue lines obtained in the example 2 was carried out so that 
dry weight might become the acrylic board of 2 with lOmg 40cm, spin coating of this invention photocatalyst coating liquid further 
obtained in the example 1 was carried out so that dry weight might be set to about 12mg (1.0 micrometers in thickness), and this 
invention photocatalyst structure was obtained. This photocatalyst film was transparent and the rate of haze was 1.0%. 
[0025] (Example 4) The ammonia of the mole ratio 0.5 to titanium oxide (Ti02) was added to the titanium oxide sol A-6 by Taki 
Chemical Co., Ltd. as an aqueous ammonia solution, ion exchange water was added further, and the titanium oxide (Ti02) content 
was acUusted to 3.5%. 5h hydrothermal processing of this liquid was carried out at 145 degrees C. After, carrying out 3h 
hydrothermal processing at 120 more degrees C in addition until the malic acid was set to pH2.6 in this liquid, ultrafiltration 
membrane was used and condensed [ washed and ], adding a malic acid, and the opalescence sol of pH3.0 which contains a malic 
acid for titanium oxide with 14.8nm [ of diameters of microcrystal ] and a mean particle diameter of 93nm 0.7% 10% was obtained. 
The ethyl silicate 40 (2= 40% of SiO(s)) 16 made from Tama Chemical industry section, the methanol 50 section, the ethanol 650 
section, ion exchange water 33, and the oxalic acid 2 hydrate 1 section were mixed in this sol 250 section, and this invention 
photocatalyst coating liquid of 2.5% of titanium oxide contents, 0.64 % of the weight of silica compound (Si02) contents, the 70% of 
the amounts of alcoholic solvents, and 0.2% of organic-acid contents was obtained. pH of this coating liquid was 3.8, viscosity was 
3.1 mPa-s, and it was the white colloidal solution. Spin coating of this liquid was carried out so that dry weight might become the 
glass plate of 2 with about 6mg (0.5 micrometers in thickness) 40cm, and this invention photocatalyst structure was obtained. The 
rate of haze which this photocatalyst film is a transparent membrane accompanied by the interference color, and was measured by 
COH[ by Nippon Denshoku Industries Co.. Ltd. ]-300A was 1.1%. 

[0026] (Example 5) Spin coating of the coating constituent for glue lines obtained in the example 2 was carried out so that dry 
weight might become the acrylic board of 2 with lOmg 40cm, spin coating of the photocatalyst coating liquid further obtained in the 
example 1 was carried out so that dry weight might be set to about 6mg (0.5 micrometers in thickness), and this invention 
photocatalyst structure was obtained. This photocatalyst film was transparent and the rate of haze was 1.1%. These two acrylic 
boards were put into the separable flask of 1.9L the acetaldehyde was introduced so that it might become the concentration of 
100 ppm. and when the black light was irradiated for 90 minutes so that it might become the ultraviolet-rays reinforcement of 1 
mW/cm2 on a film front face, the acetaldehyde concentration in a container was falling to 26 ppm. 

[0027] (Example 6) Spin coating of the coating constituent for glue lines obtained in the example 2 was carried out so that dry 
weight might become the acrylic board of 2 with lOmg 40cm, spin coating of the photocatalyst coating liquid further obtained in the 
example 1 was carried out so that dry weight might be set to about 12mg (1.0 micrometers in thickness), and this invention 
photocatalyst structure was obtained. This photocatalyst film was transparent and the rate of haze was 1 .5%. These two acrylic 
boards were put into the separable flask of 1 .9L the acetaldehyde was introduced so that it might become the concentration of 
100 ppm, and when the black light was irradiated for 90 minutes so that it might become the ultraviolet-rays reinforcement of 1 
mW/cm2 on a film front face, the acetaldehyde concentration in a container was falling to 8 ppm. 
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[0028] (Example 7) After adding 2-aminoethanol to the titanium oxide sol (A) manufactured in the example 1 and adjusting to pHII, 
it washed by ultrafiltration membrane again and the opalescence sol (B) of 15% of titanium oxide (Ti02) concentration and pH9.3 
was obtained. The diameter of microcrystal of the titanium oxide of this sol (B) was 10.2nm, and mean particle diameter was 75nm. 
It replaced with the sol (A) and this Invention photocatalyst coating liquid of opalescence was prepared by the same approach as an 
example 1 using the sol (B). Spin coating of this liquid was carried out so that dry weight might become the glass plate of 2 with 
about 6mg (0.5 micrometers in thickness) 40cm, and this invention photocatalyst structure was obtained. The rate of haze which 
this photocatalyst film is a transparent membrane accompanied by the interference color, and was measured by COH[ by Nippon 
Denshoku Industries Co.. Ltd, ]-300A was 0.8%. 

[0029] (Example 1 of a comparison) After diluting Ti026% of titanium oxide sot M-6 by Taki Chemical Co., Ltd. with ion exchange 
water and adjusting it to pH2.5 by the citric acid until the titanium oxide (Ti02) content became 4.0%. 3h hydrothermal processing 
was carried out at 140 degrees C. After washing the obtained sol liquid using ultrafiltration membrane, heating concentration was 
carried out and the light yellow sol (C) of pH3.3 which contains titanium oxide with S.Onm [ of diameters of microcrystal ] and a 
mean particle diameter of 8nm 2.5% of organic acids 15% was obtained. The ethanol 616 section and the tetramethoxy silane (2= 
39.5% of SiO(s)) 51 made from KISHIDA Chemistry section were mixed in the this (sol C) 333 section, and photocatalyst coating 
liquid of 5% of titanium oxide (Ti02) contents, 2% of silica compound (Si02) contents, the 62% of the amounts of alcoholic solvents, 
and 0.8% of organic-acid contents was obtained. pH of this coating liquid was 4.5, viscosity was 5.0 mPa-s, and it was the colloidal 
solution of light yellow. Although spin coating of this liquid tended to be carried out so that dry weight might become the glass plate 
of 2 with about 6mg (0.5 micrometers in thickness) 40cm, and it was going. to create the photocatalyst structure, membranes were 
not able to be cracked and formed at the time of desiccation. 

[0030] (Example 2 of a comparison) After mixing the Taki Chemical Co., Ltd. titanium oxide powder (A-100) (2= 86% of TIO(s)) 100 
section, the malic-acid 16 made from Kanto Chemistry section, and the ion -exchange -water 228 section, the bead mill ground and 
the white sol (D) of pH2.3 which contains titanium oxide with 6nm [ of diameters of microcrystal ] and a mean particle diameter of 
400nm 25% was obtained. The ethanol 616 section, the tetramethoxy silane (2= 39.5% of SiO(s)) 51 made from KISHIDA Chemistry 
section, and the ion-exchange-water 133 section were mixed in the this (sol D) 200 section, and photocatalyst coating liquid of 5% 
of titanium oxide (Ti02) contents. 2% of silica compound (Si02) contents, and the 62% of the amounts of alcoholic solvents was 
obtained. pH of this coating liquid was 3.9. viscosity was 3.3 mPa-s, and it was the white colloidal solution. Spin coating of this liquid 
was carried out so that dry weight might become the glass plate of 2 with about 6mg (0.5 micrometers in thickness) 40cm, and the 
photocatalyst structure was obtained. This photocatalyst film was film which became muddy a little, and the rate of haze measured 
by COH[ by Nippon Denshoku Industries Co., Ltd. ]-300A was 2.8%. 

[0031] (Example 3 of a comparison) After diluting Ti026% of titanium oxide sol A-6 by Taki Chemical Co.. Ltd. with ion exchange 
water until the titanium oxide content became 4.0%. 5h hydrothermal processing was carried out at 1 30 degrees C. After adding a 
citric acid until it was set to pH3.0 in this sol liquid, ultrafiltration membrane was used and condensed [ washed and ] and the 
opalescence sol of pH3.3 which contains titanium oxide with 9.2nm [ of diameters of microcrystal ] and a mean particle diameter of 
52nm 15% was obtained. The ethanol 300 section, the tetramethoxy silane (2= 39.5% of SiO(s)) 51 made from KISHIDA Chemistry 
section, and the ion-exchange-water 316 section were mixed in this sol 333 section, and photocatalyst coating liquid of 5% of 
titanium oxide (Ti02) contents, 2% of silica compound (Si02) contents, the 30% of the amounts of alcoholic solvents, and 0.5% of 
organic-acid contents was obtained. pH of this coating liquid was 4.0, viscosity was 3.0 mPa-s, and it was the colloidal solution of 
opalescence. Spin coating of this liquid was carried out so that dry weight might become the glass plate of 2 with about 6mg (0.5 
micrometers in thickness) 40cm. and the photocatalyst structure was obtained. The crack occurred in the membranous periphery 
and the film exfoliated. 
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□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY ' 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



